Tumour necrosis factor (TNF), formerly known as Tumour necrosis factor alpha is now 24 regarded as a natural component of the mammalian seminal plasma (SP). Although not 25 completely clarified, its functions in the SP have been associated with paradoxal roles, 26 such as sperm survival in the female genital tract, while at high levels negatively affect 27 sperm survival and fertility potential. Recently, it has been discovered that canine 28 inseminated spermatozoa display a strong immunoreaction for TNF when lining the 29 female endometrium. As a continuation of this finding, the present work aimed at 30 documenting TNF localization in the canine testes and epididymis and in freshly 31 ejaculated spermatozoa (SPZ) through immunohisto-or cytochemistry. 32
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Immunoreaction for TNF was found in all samples used. In the dog testis, TNF 33 immunoexpression was limited to the seminiferous tubules, where late round spermatids 34 (SPD) showed weak intensity of immunostaining, whilst elongating and elongated SPD 35 evidenced moderate and the residual bodies a strong intensity. In the epididymis, a 36 gradual progressive increase of TNF immunolabelling was found throughout the 37 epididymal regions, ranging from a weak intensity at the caput epididymis to a moderate 38 intensity at the cauda. TNF immunolabelling was found in mature SPZ during the 39 epididymal transit and also in freshly ejaculated SPZ, which showed a strong mid-piece 40 immunolabelling. Data presented here provide important information on expression of 41 TNF in spermatozoa, which is acquired by the SPZ during their formation at the testis. It 42 further provides the basis for subsequent studies on the physiological importance of 43 cytokines in sperm function. 44
Introduction 50 51
Tumour necrosis factor (TNF), formerly named Tumour Necrosis Factor alpha, is a 52 cytokine with a wide spectrum of effects, including pro-inflammatory and 53 immunoregulatory activities, stimulation of cell growth and differentiation and promotion of 54 cell survival and apoptosis, in a dose-dependent way [1] . 55 56 TNF, among other cytokines, is now considered a natural component of the seminal 57 plasma (SP), although its physiological significance in sperm function is not fully clarified 58
[2]. TNF was found to be present in small amounts in human [3, 4] , bull [5] and pig semen 59
[6] and it has also been demonstrated to be present in both the male and female 60 reproductive tract from normal individuals [7, 8] . Its presence has been associated with the 61 regulation of several physiological functions in both the male and female genital tract, 62 possibly including ovulation [9] and the fertilization process [2, 8, 10] . 63
64
Increased levels of TNF have been found in semen from infertile men and have been 65 associated with poor semen quality [11] . In addition, introduction of exogenous TNF to 66 sperm samples has proven deleterious to the survival and fertility potential of 67 spermatozoa [12] . It has been proposed that increased levels of TNF in seminal plasma 68 could be associated with increased sperm membrane lipid peroxidation [13] and a 69 reduction of sperm motility [11, 14] , with inhibition of the acrosome reaction [15] and 70 impairment of sperm binding to the zona pellucida [16] . 71 72 TNF protein has also been found in a large variety of structures within the male 73 reproductive system, such as the testis and epididymis. In mouse testis, TNF transcripts 74 were found in pachytene spermatocytes, round spermatids and in interstitial 75 macrophages, although secretion of active TNF was only found in the spermatid fraction. 76 antigen retrieval in a steamer for 2 min, with slides immersed in citrate buffer (pH = 6). For 129 quenching endogenous peroxidases, the sections were immersed in 3% hydrogen 130 peroxide for 30 min. Non-specific binding of the primary antibody was blocked by 131 incubation with a polyvalent blocking serum (Ultra V Block®, Thermo Fisher Scientific, 132
LabVision Corporation, Fremont, CA, USA), followed by incubation with a specific 133 monoclonal primary antibody raised against full length recombinant canine TNF molecule 134 suggests that the molecule is already fixed in the immature spermatozoa at spermiation. It 325 was also observed that the intensity of the immunoreaction became slightly stronger from 326 the corpus to the cauda epididymis. Further it was also clear that the staining is limited to 327 the sperm mid-piece in the cauda of the epididymis. From this study it is not possible to 328 determine whether this increase in intensity could be related to water lost by the 329 spermatozoa, to acquisition of progressive motility capacity or to remodelling of the 330 plasma membrane, or even if it may be associated to incorporation of TNF secreted into 331 the epididymal fluid. Further studies are needed to strengthen this issue, as little is known 332 about sperm maturation process in the epididymis in the dog. 333
The ejaculated sperm cells showed a strong immunoreaction for TNF, similar to the one 334 detected at the distal parts of the epididymis, allowing to suspect that concerning TNF 335 content, the cauda epididymis retains mainly storage functions. The present study further 336
showed that the ejaculated canine spermatozoa displayed strong TNF immunoreaction, 337 which was limited to the cell mid-piece. Although the existence of TNF among other 338 cytokines was demonstrated in the seminal plasma of several species [3, 4, 5, 6 ], limited 339 information was found on the presence of this molecule inside the spermatozoa [18] . TNF 340 has been associated to the regulation of the local immune system at the female genital 
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